The magnesium-rich intermetallic phases RE 3 RuMg 7 (RE = Y, Nd, Dy, Ho) have been synthesized from the elements in sealed niobium ampoules and subsequently characterized by powder X-ray diffraction. The structure of the dysprosium compound was refined on the basis of single-crystal X-ray diffractometer data: Ti 6 Sn 5 type, P6 3 /mmc, a = 1019.1(2), c = 606.76(9) pm, wR2 = 0.0159, 439 F 2 values, 19 variables. The Mg3 site shows a small degree of Mg3/Dy mixing, leading to the composition Dy 3.03 RuMg 6.97 for the investigated crystal. The striking structural motifs in the Dy 3 RuMg 7 structure are rows of face-sharing Ru@Dy 6 octahedra and corner-sharing Mg2@Mg 8 Dy 4 icosahedra. The rows of octahedra form a hexagonal rod-packing, and each rod is enrolled by six rows of the condensed icosahedra. Temperature-dependent magnetic susceptibility measurements of Dy 3 RuMg 7 show Curie-Weiss behavior with an experimental magnetic moment of 10.66(1) µ B per Dy atom. Antiferromagnetic ordering is detected at T N = 27.5(5) K. The 5 K isotherm shows a metamagnetic transition at a critical field of H C = 40 kOe.
Introduction
Among the large family of intermetallic magnesium compounds RE x T y Mg z (RE = rare earth element, T = electron-rich transition metal) [1] , only few with group VIII transition metals have been reported. Ce 2 Fe 2 Mg 15 [2] is the so far only iron-containing compound which crystallizes with its own structure type (a ternary ordered version of the Th 2 Ni 17 type). With ruthenium several series of isotypic compounds have been published. The rare earth-rich phases RE 4 RuMg (RE = La-Nd, Sm, Gd-Ho) [3] and RE 23 Ru 7 Mg 4 (RE = La, Ce, Pr, Nd) [4] contain the rare structural motif of Mg 4 tetrahedra. The compounds RE 2 RuMg 2 (RE = Dy, Ho, Er, Tm, Lu) [5] crystallize with a ternary ordered version of the Os 2 Al 3 type, an i5 superstructure of the bcc packing. A similar situation is observed for the magnesium-rich phases RE 3 RuMg 7 (RE = Sm, Gd, Tb) [6] which adopt a ternary ordered variant of the Ti 6 Sn 5 structure.
Besides these series with several representatives each, also some singular structures have been observed. The Nd 4.67 Ru 3 Mg 8.83 structure [7] is built up from Ru@Mg 4 Nd 4 square antiprisms and Mg@Mg 8 cubes as basic building units. CeRu 2 Mg 5 [8] and Ce 2 Ru 4 Mg 17 [9] contain almost tetravalent cerium and exhibit extremely short Ce-Ru distances (232 respectively 231 pm), indicating strong covalent Ce-Ru bonding [10] (Smart Elements, > 99.9 %), ruthenium powder (Allgemeine Gold-und Silberscheideanstalt, Pforzheim, > 99.9 %) and a magnesium rod (Johnson Matthey, Ø 16 mm, > 99.5 %; the surface of the rod was first cut on a turning lathe in order to remove surface impurities). For the preparation of RE 3 RuMg 7 samples pieces of the rare earth elements, ruthenium powder and magnesium were weighed in the ideal atomic ratio of 3 : 1 : 7 and arc-welded [11] in small niobium tubes under an argon pressure of ca. 700 mbar. The argon was purified over titanium sponge (900 K), silica gel, and molecular sieves. The niobium ampoules were sealed in a quartz tube for protection against oxidation and then annealed within 2 h to 1273 K in a muffle furnace. After keeping the temperature for 2 h it was lowered to 673 K within 50 h and kept at 673 K for another 5 h. After cooling by radiative heat loss, the samples were separated mechanically from the ampoules. No reactions with the crucible material were evident.
X-Ray diffraction
The polycrystalline RE 3 RuMg 7 samples were first studied through Guinier powder patterns (imaging plate detector, Fujifilm BAS-1800) with CuK α1 radiation and α-quartz (a = 491.30, c = 540.46 pm) as an internal standard. The hexagonal lattice parameters (Table 1) were deduced from least-squares refinements. Correct indexing of the patterns was ensured by intensity calculations [12] . Only the dysprosium containing sample was obtained in X-ray-pure form for property studies. The other samples showed trace amounts of not yet identified impurity phases.
Single crystals of the dysprosium compound were selected from the annealed sample and glued to thin quartz fibers using beeswax. The crystals were studied on a Buerger camera (using white Mo radiation) to check their quality. The subsequent intensity data collection was performed on a Stoe IPDS-II image plate system (graphite-monochromatized MoK α radiation; λ = 71.073 pm) in oscillation mode. A numerical absorption correction was applied to the data set. Details about the data collection and the crystallographic parameters are summarized in Table 2 . 
Structure refinement
The diffractometer data set showed a hexagonal lattice with high Laue symmetry, and the systematic extinctions were in agreement with space group P6 3 /mmc, similar to Sm 3.16 RuMg 6.84 [6] . The atomic parameters of the samarium compound were taken as starting values, and the structure was refined with anisotropic displacement parameters for all atoms with SHELXL-97 (full-matrix least-squares on F 2 o ) [13, 14] . To check for deviations from the ideal composition, the occupancy parameters were refined in separate series of least-squares cycles. Similar to the Sm 3.16 RuMg 6.84 structure, also the dysprosium-containing crystal showed mixing with the rare earth element on the Mg3 site. All other sites were fully occupied within two standard deviations. The Mg3/Dy mixed occupancy was refined as a leastsquares variable in the final cycles leading to the composition Dy 3.03 RuMg 6.97 for the investigated crystal. The final difference Fourier synthesis revealed no residual peaks. The Table 3 . Atomic coordinates and isotropic displacement parameters (pm 2 ) for Dy 3.03 RuMg 6.97 . U eq is defined as one third of the trace of the orthogonalized U ij tensor. Note that the Mg3 site shows mixed occupancy by 97.1(3) % Mg and 2.9(3) % Dy.
Atom
Wyckoff refined atomic positions, equivalent isotropic displacement parameters, and interatomic distances are given in Tables 3  and 4 . Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http:// www.fiz-karlsruhe.de/request for deposited data.html) on quoting the deposition number CSD-426697. 
Physical property measurements
The magnetic property measurements were carried out with a Quantum Design Physical Property Measurement System using a Vibrating Sample Magnetometer. The data collection was performed in the temperature range of 3 -300 K with flux densities up to 80 kOe (1 kOe = 7.96 × 10 4 A m −1 ). 5.203 mg of the polycrystalline sample was packed in a polypropylene capsule and affixed to a brass sample holder rod for the measurements.
Discussion

Crystal chemistry
The magnesium-rich phases RE 3 RuMg 7 (RE = Y, Nd, Dy, Ho) extend the recently discovered series of Ti 6 Sn 5 -type intermetallic magnesium compounds [6] . The course of the cell volumes in the RE 3 RuMg 7 series is presented in Fig. 1 . As expected from the lanthanoid contraction, one observes a decrease from the neodymium to the holmium compound. The Y 3 RuMg 7 cell volume fits between that of the terbium and dysprosium compound as observed for several other isotypic series of RE x T y Mg z compounds [1] .
The magnesium compounds RE 3 RuMg 7 are ternary ordered variants of the Ti 6 Sn 5 type [15] with the RE, Ru, Mg1, Mg2, and Mg3 sites corresponding to Ti1, Sn2, Sn1, Ti2, and Sn3. Thus, a simple explanation of the ordering of the elements on the basis of electronegativity trends fails, and the bonding characteristics in the stannide prototype and the magnesium compounds reported here are distinctly different. One should call these phases rather isopointal [16, 17] than isotypic. The following crystal chemical discussion relies on the dysprosium compound for which single crystal data are available. The Dy 3 RuMg 7 structure contains two striking polyhedra, ruthenium-centered Ru@Dy 6 octahedra and a distorted icosahedral coordination around the Mg2 atoms (Fig. 2) . The Ru@Dy 6 octahedra share common faces, leading to rows that extend along the c axis. Geometrically one can describe the arrangement of these rows as a hexagonal rod packing. These rods are surrounded by six rows of corner- Fig. 3 (color online) . Projection of the Dy 3 RuMg 7 structure onto the xy plane. Dysprosium, ruthenium and magnesium atoms are drawn as medium grey, black filled and open circles, respectively. The rows of Ru@Dy 6 octahedra and the magnesium substructure are emphasized. The three crystallographically independent magnesium sites are marked at the lower right-hand part.
sharing Mg2@Mg 8 Dy 4 icosahedra. The packing of these two coordination polyhedra includes all atoms, and one can easily describe the Dy 3 RuMg 7 structure this way. Both polyhedra are slightly distorted. Due to the hexagonal symmetry, the ruthenium atoms in the slightly compressed Ru@Dy 6 octahedra have site symmetry3m instead of m3m. Due to the different size of the magnesium and dysprosium atoms, for the coordination shell of the Mg2 atoms the site symmetry is reduced from3m. to .2/m.
As expected for a magnesium-rich intermetallic compound, one observes a pronounced magnesium substructure. The Mg-Mg distances of the three crystallographically independent magnesium atoms range from 300 to 336 pm, in close agreement with the average Mg-Mg distance of 320 pm in hcp magnesium [18] . Each magnesium atom has between 6 and 12 nearest magnesium neighbors. It is remarkable that the three-dimensional magnesium substructure encapsulates the rows of face-sharing Ru@Dy 6 octahedra (Fig. 3) . This way one obtains complete segregation of the two substructures, and consequently there is no Ru-Mg bonding. The Ru-Dy distances of 275 pm are slightly shorter than the sum of the covalent radii of 283 pm [19] , indicating strong covalent Ru-Dy bond-ing. This is similar to the series of RE 4 RuMg compounds [3] , where the ruthenium atoms are located in condensed trigonal prisms formed by the rare earth atoms. Finally we draw back to the magnesium substructure. Three-dimensional magnesium networks with similar ranges of Mg-Mg distances occur in several other magnesium-rich intermetallic structures, e. g. RETMg 2 [20] [9] . However, these magnesium substructures are all bound to the transition metal atoms.
Magnetic properties of Dy 3 RuMg 7
The course of the magnetic susceptibility (χ) and the inverse magnetic susceptibility data (χ −1 ) of Dy 3 RuMg 7 is shown in Fig. 4 (top) . The inverse magnetic susceptibility data show linear temperature dependence above 150 K, as is expected for a paramagnetic material. The data were fitted with the CurieWeiss law χ = C/(T − θ P ), yielding an effective magnetic moment of µ eff = 10.66(1) µ B per Dy atom and a Weiss-constant of θ P = 0.9(5) K. Although we observe antiferromagnetic ordering of the compound at T N = 27.5(5) K, there appears to be almost no long range interactions in the paramagnetic domain.
The magnetization isotherms taken at 5, 50 and 150 K are shown in Fig. 4 (bottom) . Both isotherms above the Néel temperature show linear dependence with temperature as expected for a paramagnetic material. The 5 K isotherm, however, exhibits a metamagnetic step at the critical field of H C = 40 kOe while showing a minute hysteresis. The metamagnetic transition manifests the antiferromagnetic ground state of Dy 3 RuMg 7 . With M max = 14.6(1) µ B per f. u. less than half of the theoretically possible saturation magnetization [22] is reached for the polycrystalline sample.
